A 29-year-old man with remotely corrected transposition of the great arteries presented with a two-month history of night sweats and a one-week history of fever, anorexia and fatigue. There were no localizing symptoms of infection. Nine days before the onset of his illness, he was initiated on mycophenolate mofetil in preparation for heart-lung transplantation. Other medications included furosemide and ramipril.
His medical history was significant for transposition of the great arteries, for which he underwent placement of a Pott's shunt and a left ventricle-to-pulmonary artery conduit 11 years earlier. Over the previous year, his course had been complicated by the development of progressive congestive heart failure resulting in his listing for cardiac transplantation.
His last dental procedure occurred five months before the onset of his illness, at which time, he underwent dental scaling and filling. He received amoxicillin 1 g orally as prophylaxis for infective endocarditis. On further questioning, three years Tongue piercing has become an increasingly popular form of body art. However, this procedure can occasionally be complicated by serious bacterial infections. The present article reports a case of prosthetic valve endocarditis caused by a Gemella species in a patient with a pierced tongue, and reviews 18 additional cases of local and systemic bacterial infections associated with tongue piercing. Infections localized to the oral cavity and head and neck region included molar abscess, glossal abscess, glossitis, submandibular lymphadenitis, submandibular sialadenitis, Ludwig's angina and cephalic tetanus. Infections distal to the piercing site included eight cases of infective endocarditis, one case of chorioamnionitis and one case of cerebellar abscess. Oropharyngeal flora were isolated from all cases. While bacterial infections following tongue piercing are rare, there are reports of potentially life-threatening infections associated with the procedure. Both piercers and their clients should be aware of these potential complications, and standardized infection prevention and control practices should be adopted by piercers to reduce the risk. before the onset of his symptoms, he had undergone tongue piercing and forearm tattooing, and six years before the onset of his symptoms, he had undergone nasal septum piercing. He removed the barbells in his tongue three or four times each year; the last time they were removed was before his recent dental visit. He denied flicking of the barbells against his teeth, although he bit the barbells occasionally. He was unaware of any gingival recession or chipped teeth related to the piercing, but did not consent to a review of his dental records.
On examination, his temperature was 39.3 o C. Head and neck examination revealed two laterally placed barbells piercing the tongue and a circular perforation of the nasal septum from his previous nasal piercing. Cardiovascular examination revealed a grade III/VI systolic ejection murmur and a grade III/VI early diastolic decrescendo murmur along the left and right sternal borders, respectively; both had been previously documented. There were no peripheral stigmata of infective endocarditis. There were tattoos on the forearms bilaterally.
A complete blood cell count revealed normocytic anemia; his white blood cell count was 4.1×10 9 /L (granulocyte count was 3.2×10 9 /L) and his platelet count was 131×10 9 /L. Four of six blood culture bottles grew Gemella species. A transthoracic echocardiogram revealed a 2 mm × 5 mm linear structure attached to the bioprosthetic pulmonary valve with turbulent flow in the left ventricle-to-pulmonary artery conduit. These features were not present on an echocardiogram performed eight months earlier.
A diagnosis of prosthetic valve endocarditis was made and treatment was initiated with a six-week course of intravenous penicillin G 3×10 6 units administered every 6 h, and a two-week course of intravenous gentamicin 60 mg administered every 12 h. The patient made a full recovery without need for surgical intervention.
resuLts
A review of the literature published from 1966 to 2009 identified 18 previously reported cases of bacterial infections occurring as complications of tongue piercing, including seven previously reported cases of infective endocarditis. The clinical features and outcomes of these cases, as well as the case in the present report, are summarized in Tables 1 and 2 . There were eight men and nine women; the sex was not specified in two of the cases. The average age of the patients for whom an age was recorded was 21.9 years (range 13 to 30 years).
Spectrum of bacterial infections: There were 19 infections, including the present case. Nine infections were localized to the oral cavity or head and neck regions. There were eight cases of infective endocarditis, including the case in the present report. There was one case of cerebellar abscess (15) ; the other case was of chorioamnionitis (11) . The nine cases of infection that were localized to the oral cavity and head and neck region included glossitis (12) , submandibular lymphadenitis (9, 19) , submandibular sialadenitis (9) , molar abscess (6), glossal abscess (16), Ludwig's angina (3, 17) and cephalic tetanus (8). Predisposing factors to infection: Three of the eight cases of infective endocarditis were documented to have predisposing valvular heart disease (4, 14) .
Time from piercing to the onset of infection: The time between the tongue piercing and the onset of symptoms was recorded for 15 of the 19 cases, including seven of the eight cases of infective endocarditis. The median time was 30 days (range 40 h to three years). For the cases of endocarditis, the median time to infection following tongue piercing was six weeks (range one week to three years).
Piercing setting/piercer: There were limited data regarding the setting in which the piercings were performed. All procedures were performed by nonmedical and nondental practitioners in cases for which this information was recorded. One piercing was performed by the patient himself (16) , and another involved a patient allowing a friend to use her tongue stud to pierce him (10) .
Use of prophylactic antibiotics: Prophylactic antibiotics were not administered to any of the patients before the procedures.
Microbiology: Microbiological data were available in 11 cases. Microorganisms responsible for the infections included viridans group streptococci, Peptostreptococcus micros, a non-israelii species of Actinomyces, Eikenella corrodens, a Lactobacillus species, Neisseria mucosa, Haemophilus aphrophilus and Staphylococcus aureus, including one case involving a methicillin-resistant S aureus (MRSA) strain.
Treatments and outcomes: Details regarding treatment were recorded for 18 of the 19 cases. Five patients were treated with antibiotics alone, three patients were treated with surgery alone, and the remaining patients were treated with a combination of medical and surgical therapies. In one case, the management was not recorded. Surgical procedures included surgical removal of the barbell (8, 9, 17) , incision and drainage of a glossal abscess (16), incision and drainage of a molar abscess (6), surgical decompression of the floor of the mouth in the case of Ludwig's angina (17) , craniotomy with drainage of a cerebellar abscess (15), fetal delivery (11), mitral valve replacement (7, 10) , and a Ross reconstruction of the pulmonic and aortic valves (14) . With the exception of mild facial weakness in the case of cephalic tetanus, all patients for whom outcomes were recorded experienced complete recovery.
disCussion
Although piercing as a form of body art has become increasingly popular (20) , precise statistics on the prevalence of tongue piercings as a subset of these procedures are not known. In a survey of college students, 47 of 454 (10.4%) respondents reported having their tongues pierced (21) . In a German registry of patients with head and neck piercings, 92 of 273 (33.7%) patients reported having their tongues pierced (22) . In a further survey (23) of children, adolescents and adults with congenital heart disease, 43% of respondents self-reported ear piercings, with no reports of intraoral piercings. Likewise, the rate of bacterial infections associated with tongue piercing is not known. While prevalence data are lacking, in a self-completed questionnaire study of individuals with intraoral piercings in San Francisco (USA), Boardman and Smith (2) found that three of 51 respondents with tongue piercings developed an infection and two of 51 respondents sought medical or dental attention for these infections. A similar survey (21) of undergraduate university students in the United States found that none of the 47 respondents with tongue piercings reported bacterial infections as a complication of the piercing. A survey (24) of tongue piercing recipients in the United Kingdom also resulted in no reports of bacterial infections among 122 respondents. The review of the literature reveals that while bacterial infections are apparently rare following tongue piercing, potentially serious bacterial infections can be a complication of this procedure and physicians should be aware of these complications. The tongue piercing procedure involves perforation of the piercing site (usually in the midline of the tongue) with a 12-or 16-gauge needle following a brief cleansing of the oral cavity with a mouthwash. A longer barbell is initially placed to accommodate edema of the tongue that may develop. Following a three-to six-week healing period, it is replaced with a shorter, permanent barbell. Postoperative instructions include use of antibacterial mouthwash or salt water after each meal, use of a new toothbrush, and avoidance of smoking, alcohol, chewing gum, spicy, salty or acidic foods and oral sexual contact (25, 26) . A more detailed description of this procedure can be found elsewhere (25, 27, 28) . Factors predisposing to the subsequent development of bacterial infection may be separated into those related to mucosal injury during the procedure with invasion of oral bacteria and possible transient bacteremia, those related to the infection control practices surrounding the piercing procedure, and those related to the ongoing trauma to the oral cavity resulting from the persistent presence of a foreign body in the tongue.
The oral cavity is a complex environment for microbes. Factors that influence the composition of the oral flora include age, diet and nutrition, oral hygiene practices, smoking, the presence of dental caries and periodontal disease, hospitalization and recent antimicrobial exposure (29) (30) (31) . Organisms that have a predilection for colonizing the tongue and buccal mucosa include aerobic streptococci (such as viridans group streptococci, Gemella species and lactobacilli), anaerobic streptococci and anaerobic Gram-positive bacilli, such as Actinomyces species (32) (33) (34) . These bacteria are represented among the organisms responsible for the infections included in the present report. In addition, there is one report (10) of infective endocarditis caused by MRSA following tongue piercing that we included in the review. Although MRSA is more typically associated with colonization of the nares, we have included this case because S aureus may occasionally colonize the oral cavity and because the case was previously published as a case of infective endocarditis associated with tongue piercing. Furthermore, the temporal relationship between the piercing event and the subsequent development of infection in the case strongly implicates the piercing in its pathogenesis.
In addition to the role of oral microbes in the pathogenesis of bacterial infections complicating tongue piercing, the tongue has a rich vascular supply allowing for the development of transient bacteremias in the setting of mucosal injury. The initial penetrating trauma to the tongue is followed by a three-to six-week period of healing (1,2) that may represent a period during which bacteria become bloodborne with the potential for hematogenous seeding of distant sites. Factors that increase inflammation, including metal allergic reactions and improper sizing and positioning of the barbell, may delay healing and promote infection (26, 35) . In a survey of tongue piercing recipients in England (United Kingdom), noninfectious complications such as recurrent bleeding, swelling and pain were commonly reported for the first week after tongue piercing (24) . Following the initial healing period, the presence of tongue jewellery presents an ongoing risk of traumatic injury to the teeth and periodontal tissues (35) . The ongoing risk of transient bacteremias that may follow such dental or gingival trauma may predispose to the development of infections, such as the case of endocarditis described in the present report, at a time that is remote from the piercing. Finally, the failure to adhere to aseptic technique on the part of the piercer and postoperative care on the part of the client may further increase the risk of infection. The case of cephalic tetanus occurring 16 days following tongue piercing (8) supports the inoculation of Clostridium tetani at the time of the procedure.
Despite the serious and potentially preventable nature of the infectious complications of tongue piercing, the act of body piercing remains largely unregulated. This procedure is frequently performed by unlicensed persons in unregistered body art parlours with inconsistent use of patient screening tools, infection control protocols, or pre-and postprocedural counselling of the client. The American Dental Association, in recognition of the potentially serious sequelae of intraoral piercing, has issued a statement (36) opposing its practice and supports legislation that requires parental consent for minors. While many American states have introduced legislation regulating the act of tongue piercing, these laws are not standardized. Some states only require written parental consent for minors, while others mandate registration, licensing and reinforcement of infection control protocols by way of biannual on-site inspections. Canadian legislation requires parental consent for persons younger than 18 years of age and adherence to infection control protocols including needle disposal, autoclaving of reusable instruments, monthly spore testing and routine site inspections of registered studios. However, there are no laws prohibiting unregistered studios to practise (36) . Regulations on practitioner training, patient screening, jewellery standards, and pre-and postprocedural counselling are also absent.
In a review of practices in Edmonton, Alberta, Botchway (37) observed variability in piercer training, patient screening procedures, as well as postprocedural counselling. Training periods for piercers ranged from one week to one year. Relevant medical history, including the presence of valvular heart disease, an immunocompromised state and the use of warfarin were not consistently included as part of patient screening. Discrepancies in postprocedural recommendations for mouthwash choice and infection management were also found. Similar findings were discovered in a more recent survey (24) of body art parlours in the United Kingdom. Based on these findings, recommendations have been made for standardization of patient screening, procedural training, and consultation with medical or dental professionals in cases of complications (38) .
Finally, although there is no specific reference to tongue piercing as a bacteremia-producing procedure in the American Heart Association's recommendations for the prevention of bacterial endocarditis, prophylaxis is recommended for procedures involving the oral cavity in patients with high-risk and moderate-risk cardiac conditions predisposing to the development of infective endocarditis. Consequently, we recommend that patients with high-risk cardiac conditions who choose to undergo tongue piercing should consult their physicians or dentists and should strongly consider infective endocarditis prophylaxis before the procedure, as do other authors (4, 39) . The recommended standard prophylactic regimen for dental procedures that involve perforation of the oral mucosa is a single dose of 2 g of oral amoxicillin 1 h before the procedure (34).
The case presented occurred in a patient with a surgically constructed systemic pulmonary conduit. While endocarditis prophylaxis may have protected against the development of endocarditis at the time of the piercing, this infection occurred three years following the piercing procedure. In one other reviewed case (5), endocarditis occurred two years after tongue piercing. In cases such as these, that are remote from the piercing procedure, the degree to which tongue piercing is responsible for the development of endocarditis cannot be stated with certainty. However, the presence of oral jewellery has been shown to predispose to mucosal inflammation, gingival recession and dental injury (40) . These factors likely translate to increased rates of transient bacteremia in patients with oral piercings, and highlights the ongoing risk of bacterial infection remote from the piercing procedure. We believe that cases of endocarditis and other infections remote from the piercing procedure highlight this risk of oral jewellery. We recommend that patients with cardiac conditions predisposing to endocarditis be counselled against tongue piercing, because the dental trauma related to oral jewellery represents an ongoing risk for the development of infective endocarditis.
The case report illustrates that bacterial infections associated with tongue piercing are an emerging complication of this increasingly popular form of body art. In some cases, these infections may be preventable. Health care professionals should obtain a history of tongue piercing in unexplained cases of infective endocarditis, brain abscess and intraoral infections for which piercing may be a risk. The report also highlights the unregulated nature of the body art profession as well as the urgent need for collaboration among dental, medical and body piercing professionals. Body art professionals should be educated on appropriate infection control and sterilization practices and should be subject to the same regulations required of health care professionals.
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